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^m?(DmmM&M(Dmfeffi%*:Btmr&z> a 8 ^cfev^T. obai 0i25 g 

a 0.75 A s frb&Z>%-MW&<D*V U 7#8IR&±Ji8, DttA 1 o.45 G a 0.55 A 
slfMclA 1 0> 25 G a 0.75 A s #FM£Z3imztitZ>mfe*m&<D3rVVT 

mmm±Ms mmt impM^mm^tm) zM^tzmGz^Lx^z. 

[0 0 6 0] 

*WTW&ffi±M& £^$L&V^£{C&jimMM££#4 0 OMHzTf&o 



ft$E#2 000-3090209 



1 1-3744 9 



■v U 7Wm$±M 80^t^lOnm £Mx. 3 £^MM»^^C[«1± U 
J?3t^2 0nmT'(J»tS o LfctfoT, *^U7S«M8©IS 

l/V\ 3f^r U rf!SB&±l8©J?g t # 1 0 nmt 2 0 nmfflW 1 5 

[0 0 6 1] 
(3) i3©^l©il 

o 

[0 0 6 2] 
[0 0 6 3] 



ffill#2 000-3090209 



1 1 -3 7 4 4 9 



[*3] 







ISIS 

(nm) 


tt"/ /SJS 

(cm" 3 ) 


fr*r a 


/ 




n-GaNgfc 




1x10 18 


1 


/ 

f 




n - Al o.l5 Ga o.85 N ^ 9K1 


1000 


3x10 17 


2 








30 




3 


mm 


3m. J J l / 


ln 0.15 Ga 0.85 N#F ^ 


5 




15 




ln 0.05 Ga 0.95 N ^^^ 


5 




16 








30 




5 


1 




P- Al o.i5 Ga o.85 N ^ r,i 


1000 


2x10 17 


6 


/ 




p-GaN^MHl 


200 


3x10 17 


7 


/ 




Al 0 07 Ga 0 93 ^U7§SI»±1 


t 




8 






Gal\H£*t'J7;sJ£Jf 


800 




9 


/ 




n-GaN*3lE7* 


200 


5x10 17 


10 






p-GaNn>WUf 


3000 


8x10 17 


11 








300 




12 








300 




13 



[0 0 6 4] 



vm*®&ttMmwL<DWfeffi%:Z*'tmx*&& 0 msiz&^x, o»ai 0i07 g 

[0 0 6 5] 

^r-V U 7WmW±M 8 &^$Ufc^#£K:tt&ffiJS&8t# 320MHz T* &o 

© ^ ^ y r W K±® 8 * < t s i: ic j: y jg wi M ISiSc *^ ic iea± 



ftll#2 000-3090209 



#^ 1 1-37449 



U 7Wmffi±M 8 ©JfCS t^lO n m£jg*5 fc&tfH&S#®*lC|tiJ 

±U JS£ t «J2 0 nm-e&&ggfnt-£„ Lfe^ot, t^'Jr»lhl8 
tf)J?3 tttlO nmHl^K, 36»Tjai8^©ft±#fi&ft! , t<5 2 0 n m^± 
LV\ ^■vU7^B&lhM8©j?3 t #1 0nmi:2 0 nm(D^m 

[0 0 6 6] 

(4) m^<Dmm<D^m 

[0 0 6 7] 

n-G a A s gffi 1 ±lC#/i 2 ~ 5 tf7g/S34xT V^. 
[0 0 6 8] 

#-f Kl5±ICp- (A 1 0 7 G a q g ) Q<5 I n 0<5 P^e>&SJ?3 2 0 0 
nmffip-^7>yFi6 1, fiitfGa 0 _ 5 1 n o.5 p ^ & § i; 7^R& 
ifcjg6 2^JKJC^3tlTV^S 0 p-^7-yF!6 lCD^^'jyill^ x 1 0 
17 cm" 3 T'|>§„ 
[0 0 6 9] 

p- (Al 0i7 Ga y ) Qb I n 05 P <b U 7 ^#0>J?3 13 0 0 
nm©p-^7'yFl6 3 tf^-v'J r^B&±M 6 2±lCJgJ$3;ftT^5a p- 
Kit 6 3ffl^iJ7igtt3 X 1 0 17 cm~ 3 V&Z> 0 p - * 9 y FJi 6 3 
tf)±®&Cp -G a 05 I n Q<5 P^e>&5 p -n>df ^ hM7^^3tiTV^S 

[0 0 7 0] 

p-3>#? hM7<D±mz* h^-f y^^Pg|5$:^f 5G a A sfrb&&m 
3 1 0 0 0 nrnffl^^'J Ti^if 9 # p - y KJf 6 3©ii<Z)^ty7l 

[0 0 7 1 ] 

3 £>IC, y y ^BBtf)±®fCX h^-f ^g|PaJS:^"t5 n-G a A s 



ffiE#2 000-3090209 



*f$¥ 1 1-37449 



v^ 0 p -n>#? f>jf7±£ <fctf n-m«S:/ny?/g l o±fc, P -r2>#? 
hjf l 1 jWJ&3*IT^5o 
[0 0 7 2] 

[0 0 7 3] 
[*4] 







in 

(ran) 


**U7;1J£ 
(cm -3 ) 




/ 




n-GaAs3H£ 




1x10 18 


1 






n - (Al o.7 Ga o.3 ) o.5 ,n o.5 P ^ h *^ 


1500 


3x10 17 


2 






H.5 Ga 0.5>a5 ln 0.5 P **^ 


30 




3 






Ga 0.5 ln 0.5 P ^^ 


5 




15 




(A, 0.5 Ga 0.5 ) 0.5 ,n 0.5 P ^^ 


5 




16 






H.5 Ga oVo.5 ,n 0.5 P *'"'^ 


30 




5 






P- (AI 0.7 6a 0.3 ) 0.5 ln 0.5 P ^ r ^ 


200 


3x10 17 


61 






P- (AI 0.7 6a 0.3 ) 0.5 ln 0.5 P ^ r ^ 


1300 


3x10 17 


63 






P- Ga 0.5 ln 0.5 P:|> ^^ 


200 


2x10 18 


7 






6a 05 ln 05 P^'J7l®l^iJ:l 


t 




62 






GaAsi£*t'J7»SIB 


1000 




9 






n-GaAsH/^E?* P^Jf 


500 


8x10 17 


10 






p-GaAsttMhJB 


3000 


3x10 19 


11 






mwst 


300 




12 








300 




13 



[0 0 7 4] 

mi 2 as j: tfai 3&@i o izmbr^m^u—^m^^m^m^ 

19 ffi|E#2 0 0 0 - 3 0 9 0 2 0 9 



i 1 -3 7 4 4 9 



[0 0 7 5] 

01 1 Krt? ie>(C, MOC y, n-GaAslSUIC, n- ( 

A 1 Q 7 Ga y ) 0>5 Iny Pfr*>fc5n-#5yKJf2, (A 1 0>5 G a 
0.5 } 0.5 In 0.5 P*^**^ KJf3, S^#F*S£M4, (Al^Ga 
0.5 } 0.5 1 n 0.5 P*^***^ KB 5, (Al 0i7 Ga 0>3 ) Q>5 I n Q>5 
P^^Sp-^*; KM 6 1, Ga 05 In 0j5 Pfr£fc5** U 7OTtR&lt 
jg 6 2, p- (Al 0 _ 7 Ga 0i3 ) 0 _ 5 1 n 0.5 p ^fc5 p - # 7 y KM 6 3 
BWp-Ga 0i5 1 n o.5 P^^5p-3>^ hjg7 S:lilC^3-ft5. 
[0 0 7 6] 

01 2£^<fce>ic, p -n>**' hJg7±jcs i 0 2 
x>£*U X K5>f ^©S i 0 2 JK6 4 Sr^-TSo *<8&, Si0 2 l64 
m^tltp-3>;5f^ hjf7£<fctf p KJI6 3 £xy^>^lCJ: 

[0 0 7 7] 

£"MC, 01 3 lCaVtJ;e>lC, Si0 2 l6 4l:IM^^^i:bt, MO 

c v d&k «k y y 7 ^OTffij© * y r^a^iLjf 6 2±fiitfp-^77h*l 

6 3 (DilffiiCG a A s £ &£{£3f »J 7iB&Jg 9fe<fctfn-G a A s 
n -SSg^D y 1 0 S:01C^3*6 O 
[0 0 7 8] 

Si0 2 l6 4?:i;Slfet > 01 0 IC^Ufc J: 3 IC, n-mSS^n^^Ml 
0±fei^p-H>^^ hJg7±lC, p-GaAs^f,ft5p-n>*^Ml 
1 &MOC VD&HCJ: y?£$U p-=r>#?hjfl lOiffiiCCr/Au*^ 
&6 pHiSl 2 Z&mb, n - G a A slilffll®(CAuGe/N i/Au 

[0 0 7 9] 

I/— !f^©jfiWr^StS5t©a!l^^%^"t0T*&5. 014fC£^T, OtiGa 
0.5 1 n 0.5 P**?>45f Sil®* t 'J rt«Ki±I 6 2, □« (Al 0i7 G 



ftl£#2 000-3090209 
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a 0.3 } 0.5 1 n 0.5 p ^Mt.G a Q>5 I n 0>5 ?#pMt ZxKiZ^tZM 
1 0<45 G a 0 55 A s £>&3M*ii£tf)3r^ U 7W&ffiltM 6 2 &Mv^#££ 
[0 0 8 0] 

o =fe © rt\ * -v y T^aiWlfiM 6 2 & J£ < £ £ £ £ <fc y $fiWTM8£8t#ft * (C 
ffl±U 3f*y7MfKrlfcJg6 2fflj|St^l 5 n m *Mz.Z> £M#mi&&tfm 
^fCfnLhU ^£ t #$2 0 nmT*St$fiS5pI'tS 0 UfctfoT, ^yrW 
lfcjf6 2<Z)J|E£t ttl 5nm«J:mL<, &mMM»©fa±#IMfo*S 2 0 
nm&±#$ £fc&|; LVn q *v y 7OTtB&ltM6 2(7)j?$ t # 1 5nrai:20 

[0 0 8 1] 

(5) I5©m©fl 

o 

[0 0 8 2] 
[0 0 8 3] 



miiE#2 000-3090209 



1 1 -3 7 4 4 9 



[*5] 







Jiff 
(nm) 


**'J7;se 
(cm -3 ) 




/ 




n-GaAsg#t 




1xio 18 


1 


/ 




n - AI 0.45 6a 0.55 As ^^* ,i 


1500 


3x10 17 


2 






A, 0.35 Ga 0t65 A8 **' h# * 


30 




3 






Al 0 t Ga 0 g As#p^ 


5 




15 


Sttl 


Al o.35 Ga o.65 As ®^ ,i 


5 




16 






AI 0.35 Ga 0.65 Asr<fh '^ 


30 




5 


/ 




P- AI O.45 Ga 0.55 As ^^ r,i 


200 


IxlO 18 


61 


/ 




P " AI 0.45 Ga 0.55 As ^ 9h *^ 


1300 


IxlO 18 


63 


/ 




p-GaAs3>MhJ5 


200 


4x10 18 


7 






Al 0 25 Ga 0 75 As**'J7**l»itJB 


t 




62 






GaAs«**'J7iRflEH 


1000 




9 






n-GaAs!|;7fE7* Qv'jM 


500 


5x10 17 


10 






p-GaAs3>MUf 


3000 


3x10 19 


11 








300 




12 








300 




13 



[0 0 8 4] 



0.25° a 0.75 A s U 7^SIB&±M6 2, DtiA 1 0<45 G 

a 0 55 A s illtA 1 0 .25 G a 0.75 A s £ ^KiZ^t 5Ste^«3§© 

[0 0 8 5] 
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IC|£J±U J?$t^2 0nmti5{»fS o Uc^ot, 3f * y 7#BR&lt 
M62©£3Uil 5nmg±^*l<, ii^MME^^^fnt^ 2 0 n 
mJ£iLh#3 LV^ =¥-vUT^^ihjf6 2 t 1 5 nm£2 0 n 

[0 0 8 6] 

(6) H 6 ©HS£<Z)^«l 

o 

[0 0 8 7] 
[0 0 8 8] 
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[316] 







Jiff 

(nm) 


(cm -3 ) 




/ 




n-GaNglS 




IxlO 18 


1 


/ 




^ A ^5 Ga o.85 N ^*^ 


1000 


3x10 17 


2 








30 




3 




OL J JY~ 


,n 0.15 Ga 0. 85 N ^^^ 


5 




15 


SttJI 


ln 0.05 Ga 0.95 N ®^ 


5 




16 






GaMWKl 


30 




5 






P- AI 0.15 Ga 0.85 N ^^'^ 


100 


2xl0 17 


61 






P- Al o.i5 Ga o.85 N ^*^ 


900 


2x10 17 


63 






p-GaN^ 1 nmm 


200 


3x10 17 


7 






ai 0 07 Ga 0 9Z nwnwmm±m 


t 




62 








800 




9 








200 


5x10 17 


10 






p-GaNm2a>^H 


3000 


8x10 17 


11 








300 




12 








300 




13 



[0 0 8 9] 



0.07° a o.93 N ^^^ § ^^®^^ 'J7S«B5±S6 2, DttAl 0 15 G a 
0-85 N|f^ji^A 1 0>07 G a QtQ3 N#PM£.*&mzti?&&&*WM<D*rVV 

O 

[0 0 9 0] 



2000-3090209 



1 1 -3 7 4 4 9 



o %> © ft\ * -Y U 7 MtR&lfcJg 6 2 £ J? < f £ ^£ JC J: U Sg»TJS8fcffc#ft * tC 

±jf6 2 0>J?3t £1 5nmg±^ib<, iiffM?^(Z)f^±^fn-t-5 2 0 

[0 0 9 1] 
(7) I7©iffi©fl 

[0 0 9 2] 

01 TK^t^ftU-iffli^lc^Tti:, 01 lc^Ufc¥^ftl/ — iffPH^ 
|i5$, n-Ga A sS«l±lC#®2~5#7g/*S;ftTV^ 1 , 
[0 0 9 3] 

KJf5±(C, p- (A 1 o_7 Ga o.3 > 0.5 1 n 0.5 P ^&£J?2 2 0 
0nmfl)p-^7*;Ki9 1 tf^jSStlT V^„ p-^7*;F!9 1 (D^-v U 7 
aHii3 X 1 0 17 cm" 3 "efe6 o 
[0 0 9 4] 

p-*5y KJf9 1±IC, Ga y In y Pfr £fc53f* V 7^ftRfrih/f9 
2, G a A s fre>fc£J?3 1 0 0 0 nm U 7^SJf 9 3fe<fc(fn-Ga 

A sfre>fc5J?$ 5 0 0 nm©n-mSK^n^^M9 4 A^tC^S tlT V^£ 0 
[0 0 9 5] 

^Dy^f9 4©^t'J7lI»8X 1 0 17 cm" 3> efe5. Y U 7MUI 9 
30^rt'J 7^Mtt n -S^D >y 9M 9 4 0>3f ^ U 7^<fc »J fcte^o 
[0 0 9 6] 

^ h ^ggpspsrattjit? j: e> IC p - # ^ y KM 9 l ±£<fc n 



2 5 



tfiE#2 000-3090209 
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2jg9 4±lCp - (Al^Gay) Qb I n Q>5 Pfre>fc5j?3 130 
0 nm<Z) p -fj^v KJf9 5 Jg$34xT^5 0 p-^7*;Fi9 5tf)dr^'J7 
iItt3X10 17 cm" 3 -e$^ o 
[0 0 9 7] 

p-Ga Q5 In Q5 P^?>ft5J|§ 2 0 0 nm©p-3>^'Kl9 6^p 
-^77 FI9 5±JC7£$<**l"CV^ 0 p - G a A s ^e>*5J?S 3 0 0 0 n m 
®p-n>^^hji9 7^p-3>^^h|9 6±lC0$£tlT^£ o p -zr> 
hjf 9 6ffl^rt'J7lItt2 X 1 0 l8 cm" 3 t^S„ p-3>^^hJf9 7 

[0 0 9 8] 

±iH©if^s:t £ ®> xm 7 {C^-T. 

[0 0 9 9] 



ffiE#2 000-3090209 
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[*7] 





<cD r-P- L_ E3 xrt XA- 


ess rsa* 

(nm) 


*+'J7;l!J£ 
(cm -3 ) 












1x10 18 


1 






n " (AI 0.7 6a 0.3 ) 0.5 ln 0.5 P ^^' 1 


1500 


3x10 17 


2 






(AI 0.5 Ga 0.5 ) 0.5 ln 0.5 P *'^*^ 


30 




3 




BL i J\ ~ 


Ga 0.5 ln 0.5 P #^ 


5 




15 




(AI 0.5 Ga 0.5 ) 0.5 ln 0.5 P ^M 


5 




16 




I 

/ 


(AI 0.5 Ga 0.5 ) 0.5 ln 0.5 P *'^*^ 


30 




5 


I 

/ 


/ 


P- (AI 0.7 6a 0.3 ) 0.5 ln 0.5 P ^ h *^ 


200 


3x10 17 


91 


/ 


/ 


P- (AI 0.7 Ga 0.3 ) 0.5 ln 0.5 P ^ h ^ 


1300 


3x10 17 


95 


/ 


/ 


Ga 0.5 ,n 0. 5 P^'J7§mi»±l 


t 




92 






6aAst£^'J7jgJtl 


1000 




93 






n-GaAs^3SE7* nv'jM 


500 


8x10 17 


94 






P- fia o.5 ,r b.5 P32 ' w ^ 


200 


2x10 18 


96 






p-GaAsn^Jf 


3000 


3xl0 19 


97 








300 




12 








300 




13 



[0 10 0] 



[0101] 

01 8 IZTjkt & oiZ, MOC VD&{CJ; »J, n-Ga A sliUC, n- ( 
A 1 q y G a q g ) 0>5 I n Q _ 5 P^^ft5n-^7*; KS2, (A X 0.5 G a 
0.5 } 0.5 1 n 0.5 P*^**^ 3 0 nmC^ KJf 3 , 1^«I4, 
(A 1 0>5 G a Q<5 ) 0 5 I n 0>5 Pfr 3 0 nmO^>f Fit 5 , p - 
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(Al 0i7 Ga fli3 ) fli5 1 n 0.5 p *^^P-^7>vFM9 1, G a 0.5 1 n 
0>5 P^e>ft5^^'J7S!liiiil9 2, GaAsA^^6M^iJ7lH9 
3, £itfn-GaA s^f)ftSn-i^n*;^l9 4 &JKlCjfog3i*5„ 

[0 10 2] 

7^194, U 78II9 3 fcitf** y 7OTtfifrltM9 2 0^3feSP 

[0 10 3] 

$£&C, HIl 7lCa*LfcJ:3lC, MO C V D&IC «fc »J n -^SS^n y * M 9 4 
±£J:t>*X h^-r^^PgPW0p KM 9 l±£p- (A 1 Q ? Ga Q 

3 ) 0.5 1 n o.5 P*?>*5P-^7*;K|9 5, p -G a Q g I n Q g Pfr£> 
^§P-3>^^M96 ( £<fctfp-GaAs#£>fc5p-n:/**hJi97 
feJElC^J^t*. P~=I>#?hJi9 7 0^®ICCr/Au^^Spj|iil 
2 £7£$U n-G a A slfKDlitCAuGe/N i/Au^&45 n{M 
ffil 3 Sr^tSc 
[0104] 

i>-vm¥<D&timt&&<DWfei&&*mirmx*&& a mzoiz&^x. o&Ga 

0.5 1 n 0.5 V7&&ffiskM9 2 > □« (Al 0<7 G 

a 0.3 } 0.5 1 n 0.5 p »^ Ga 0 .5 1 n 0.5 p #^® ^ ZxS.lZ%tZ>M 

1 0>45 G a 0>55 A s fr£fcSl£Jg#ftg©** y 7^KfifritJf 9 2 Srffl^feli^S: 
[0 10 5] 

'J 7MBfr±Jl9 2 £^$L&V^i^C&ji^MMEtf2 0 OMH z Tffe 
ofcfc©#**y rI«B&±l9 2 S:j?<"t5ii:lc<kyjfiWiMaSJ[A^^tciql 
±U 3f-vy 7^«lLJf9 2®jp$t^l 0 nm^M^S^MirMM^^-M^ 



ft§E#2 000-3090209 



1 1 -3 7 4 4 9 



JI9 2(Dm2 t Itl 5 nmJK±AW* L<, SEBrJi St&CDI^tffiSflll- £ 2 0 n 
mJK±#2 LV^ dp-v U 7^ftB&lfcJi 9 2(Dj?$ t # 1 5 n mil 2 0 n 

mtofpfSHD 1 8 nm^t^wmV^lMi^C^i^^S)!.. 
[0 10 6] 
(8) g8©II©f§ 

o 

[0 10 7] 
[0 10 8] 



£UE#2 000-3090209 



1 1-37449 



If <D£*fc 




(nm) 


(cm -3 ) 




/ 




n-6aAsSt5 




1x10 18 


1 


/ 




n " Al o.45 Ga o.55 As ^*^ 


1500 


3x10 17 


2 






AI 0.35 Ga 0.65 As *'< h '^ 


30 




3 




fiT7rr 


Al 0 ^GaQ 9 As#FJf 


5 




15 




AI 0.35 Ga 0.65 As ^^ 


5 




16 




i 

/ 


AI 0.35 6a 0.65 Asr ^'^ 


30 




5 


/ 


/ 


P- Al o.45 Ga o.55 As ^ K,i 


200 


IxlO 18 


91 


/ 


/ 


P " AI 0.45 Ga 0.55 As ^ 7h *^ 


1300 


IxlO 18 


95 


/ 


/ 


Al 0 25 Ga 0 15 ksW)7Wm&5±m 


t 




92 








1000 




93 






n-GaAs^0S£7* urfM 


500 


5xl0 17 


94 






p-GaAsa>MUg 


200 


4x10 18 


96 






p-GaAsiDMUl 


3000 


3x10 19 


97 








300 




12 








300 




13 



[0 10 9] 



02 ni, *-vy7OTtB&it®9 2<z>mmt ^mt^tctzomzo^rnvt 

0.25 G a 0.75 A s ^ ^fc^M&g©*-* U T^aiftltJi 9 2, □ & A 1 g^G 
a Q>55 A s W.§itM tAl 0 .25 G a 0.75 A s h ^^StC^t Sjgte^fiftg© 

[0 110] 
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, ^fjri!SHi±i9 2(Z)j?$ t #15 nmzmxz tmmm&mtfmMizm 

$2 0 nm^S £>IC&£ UV^ ^^'J7ftM9 2©J^3 t#l 5 nmh2 

0 nm(Z)^r4© 1 8 n mJ^±T*S>tl«+^ft]iJf ^ft^^^^fe-So 
[0 111] 
(9) i9©||WI 



[0 112] 
[0 1 13] 



3 1 
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[*9] 





4tD 1— Ft? /f\ ^er Xfr> 


(nm) 


(cm -3 ) 




/ 








1xl0 18 


1 


/ 




n - AI 0.15 6a 0.85 N ^^'^ 


1000 


3xl0 17 


2 








30 




3 




JS.T7t" 


ln 0.15 Ga 0.85 N #^ 


5 




15 




ln 0.05 Ga 0.95 N|5 ^ 


5 




16 




/ 




30 




5 


/ 


/ 


P- A, 0.15 Ga 0.85 N ^^'^ 


100 


2xl0 17 


91 


/ 


/ 




900 


2xl0 17 


95 


/ 


/ 


Al o. 07 Ga o. dtoWtttoikM 


t 




92 








800 




93 






n-GaNH3iE7* n^Jl 


200 


5x10 17 


94 






p-GaN^l 3>MM1 


200 


3x10 17 


96 






p-GaN^ 2 Wl 


3000 


8x10 17 


97 






P$JS& 


300 




12 








300 




13 



[0 114] 



0.07 G a 0.93 N ^ e5?5:§ ^^ (Z) ^^ U7^StR&±M9 2, DttAl^^G a 

o 

[0 115] 
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o 0 #\ * -V U 7 OTtfifr±Ji 9 2 & J? < t S d £ iC <fc »J * IC 

±M3 2(Z)j?$ t ttl 5 nm^±/)W*b<, &«TM$&©ffl±#fifrft!'tS 2 0 
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